Background: There are inconsistencies in the use of serum or plasma when analysing the matrix metalloproteinases (MMPs) as diagnostic or prognostic markers. The purpose of this study was to compare the concentration of MMP-1, -2, -7, -8, -9 and -13 in serum vs plasma samples.
Matrix metalloproteinases (MMPs) are proteases that have a major role in the degradation of the extracellular matrix (Langenskiold et al, 2005) . MMPs can be synthesised not only by the tumour cell, but also from surrounding stromal cells. The activity and expression of MMPs is increased in many types of cancer (Cauwe et al, 2007) .
Numerous studies indicate a possible value of MMP concentration in blood samples from patients with colorectal cancer, either as a diagnostic or prognostic marker (Tutton et al, 2003; Maurel et al, 2007; Kushlinskii et al, 2013) . There is however a lack of consensus with data pointing at different directions and inconsistencies in using serum or plasma analysing MMPs in patients with colorectal neoplasia (Hurst et al, 2007; Damery et al, 2013) . Analysing serum for determination of circulating MMP has previously been criticised (Gerlach et al, 2005) . MMPs releases from leucocytes during the clotting process, which makes serum samples time-to-analyse dependent (Zucker and Cao, 2005) . As a part of further investigation of the MMPs and their use as a diagnostic and prognostic marker, we have explored differences between plasma and serum levels of MMP. The aim of this study was to compare the concentration of MMP-1, -2, -7, -8, -9 and -13 in serum and plasma samples for each patient in a population suitable for a colon cancer-screening programme.
MATERIALS AND METHODS
Blood collection and sample preparation. Venous blood samples were collected in a standardised way from 65 (34 males, 31 females), 65-years-old individuals participating in a study regarding colorectal cancer screening. Serum samples were collected in tubes without clot activators; plasma samples were collected in citrate tubes. Serum tubes were stored in room temperature ( þ 20 1C) for 30 min and then centrifuged at 10 000 g in 20 1C, citrate tubes were centrifuged within 5 min at 10 000 g in 20 1C.
Supernatants from both serum and citrate plasma were collected and frozen at À 80 1C in aliquots until further analysed in batches.
Protein level measurement. In all samples levels of MMP-1, MMP-2, MMP-7, MMP-8, MMP-9 and MMP-13 were analysed with the Luminex xMap multi-assay technology (Bio-Plex 200, BIO-RAD, Sundbyberg, Sweden). The samples were measured simultaneously with Fluorokine MAP (Multi-Analyte Profiling, RnD Systems, Abingdon, UK) assay according to the manufacturer's instructions. For MMP-1, the kit detects pro-, mature and TIMP-1 complex MMP-1, with a lower detection limit of 0.57 pg ml À 1 together with an intra assay (CV%) of 7.8-9.0 and an inter-assay of 15.3-16.2%, respectively. For MMP-2, the kit detects pro-and mature MMP-2, with a lower detection limit of 3.8 pg ml À 1 , and an intra assay (CV%) of 7.3-9.3 and an interassay of 10.0-13.3%, respectively. For MMP-7, the kit detects pro-, mature and TIMP-1-complexed MMP-7, with a lower detection limit of 3.9 pg ml À 1 together with an intra assay (CV%) of 5.0-9.0 and an inter-assay of 7.7-11.5%, respectively. For MMP-8, the kit detects pro-, mature and TIMP-1-complexed MMP-8, with a lower detection limit of 7.8 pg ml À 1 together with an intra assay (CV%) of 5.2-7.0 and an inter-assay of 9.6-14.3%, respectively. For MMP-9, the kit detects pro-and mature MMP-9, with a lower detection limit of 5.7 pg ml À 1 together with an intra assay (CV%) of 3.8-5.8 and an inter-assay of 9.3-11.7%, respectively. For MMP-13, the kit detects pro-, mature and TIMP-1 complexed MMP-13, with a lower detection limit of 36.5 pg ml À 1 together with an intra assay (CV%) of 4.3-5.6 and an inter-assay of 10.7-12.6%, respectively.
All samples were prediluted 11-fold. Each sample was measured in duplicates and protein levels in the samples were calculated using a five parameter logistic (5-PL) standard curve according to the manufacture instructions.
Statistical analysis. The MMP analysis was transformed with the natural logarithm to get normally distributed data; this was possible for MMP-1, MMP-8 and MMP-9. Dependent t-test was used to compare means between citrate plasma and serum samples. For data not normally distributed the Wilcoxons-signed rank test was used to compare medians (MMP-2, MMP-7). The MannWhitney U test was used to test for differences between genders in the non-normally distributed data, and the independent t-test was used for normally distributed data. Correlation between serum and plasma levels was estimated using the Spearman-rank correlation test. All test were two-sided. Po0.05 was considered significant. All calculations were carried out with IBM SPSS Statistics for Macintosh (Ver. 22.0, IBM Corp, Armonk, NY, USA).
Ethics. Informed consent was obtained from all participating patients. The study has approval from the Local Ethics Committee at Lund University Hospital, Lund, Sweden.
RESULTS
In all assays the median levels of the different MMPs found in serum generated a higher value than corresponding levels in citrated plasma (Po0.01). Median and ranges for each assay are reported in detail in Table 1 . Levels of MMP-13 were not presented due to concentrations below the detection level.
When comparing the distribution of MMP levels it was found that the interquartile ranges (IQR) were all greater in the serum samples compared to parallel citrated plasma samples (Table 1, Figure 1 ). There were no significant differences between male or female patients(PX0.05) in any of the groups investigated (MMP-1, -2, -7, -8 and -9).
We found a strong positive correlation between serum and plasma samples in the MMP-2 and MMP-7 groups (Po0.01).
Despite significance, there was a weak correlation for MMP-1 (P ¼ 0.02). The Spearman rank-order correlations for MMP-8 and MMP-9 were not significant (P40.05), see Table 2 . The IQR were all greater in the serum group compared to the citrate plasma group.
DISCUSSION
During standardised sampling conditions, we have analysed a larger sample size comparing several MMPs in plasma and serum, which to our knowledge not have been done before (Alby et al, 2002; Gerlach et al, 2005; Jung et al, 2008) . We found that the concentration of MMP-1, 2, 7, 8, 9 was significantly higher in serum compared to plasma. There was a strong positive correlation between plasma and serum samples regarding MMP-2 and MMP-7. Rather surprisingly, there was no correlation between plasma and serum samples for MMP-8 and MMP-9. Even though, a Po0.05 for MMP-1, the linear correlation was negligible. There are contradictory results from earlier studies showing a positive correlation (Gerlach et al, 2009 ). The present material consists of 65-year-old individuals (n ¼ 65). It is previously shown that plasma levels of MMP-2 and MMP-7 increase with patient age, whereas MMP-9 seems to decrease according to age. Earlier publications have also reported a significant difference in plasma levels of MMP-9 between gender (Kusnierova et al, 2015) . However, we did not see a significant difference between gender in either plasma nor serum groups. There are a number of studies performed comparing plasma and serum levels of, above all, MMP-9. However, those studies are either small or analyse just a few different MMPs Jung, 2008) . MMP-9 has shown to be 10-fold higher in serum than in plasma sample, it also differs between serum samples collected with or without clotting activator (Jung et al, 2006) . In our material, we did not get a 10-fold increase between plasma and serum samples. This might be due to a quite short time between venous sampling and centrifugation (30 min). At least serum level of MMP-9 is known to increase as storage time between venous sampling and centrifugation increases (Jung et al, 2005) , whereas others find no such difference (Gerlach et al, 2007) . There are sometimes differences between plasma and serum samples due to the large amount of MMP contained in the platelets, neutrophils and the white blood cells. Those MMPs may be released from the blood cells throughout aggregation (Kalvegren et al, 2011) . Concerning our results for MMP-2, the difference between plasma and serum levels is significant, but the difference is far from the magnitude as of MMP-9. This might depend on MMP-2 not being that affected by aggregation (Mannello and Tonti, 2007) . There are earlier studies not showing any difference between MMP-2 (Gerlach et al, 2005 (Gerlach et al, , 2007 and MMP-8 in serum vs citrate plasma samples . Deviations from previously presented data could at least partly relate to smaller studies than ours or assays using different technology (Gerlach et al, 2007) .
Wu et al found that MMP-9 in plasma is significantly higher for patients with gastric cancer compared to a control group with no signs of gastric cancer. However, the serum levels of MMP-9 measured in the same group of patients did not show any correlation with gastric cancer, making serum samples non trustworthy (Wu et al, 2007) . Moreover, Fontana et al describe contra dictionary results from a review on MMP levels before and after different hypertension treatments in either serum or plasma samples. However, no study did compare the outcome of both the plasma and serum levels (Fontana et al, 2012) , as in the present study.
In summary, the present study demonstrated higher levels of MMPs in serum samples compared to corresponding plasma samples. Moreover, the distributions of levels in the term of IQR were greater for the investigated MMPs in the serum group compared to the plasma/citrate group. The reason for this is not fully understood but it is fair to assume that measurements in serum reflects release of proteases by involved blood cells during the clotting process in the serum tube, but the use of an anticoagulant in the collected blood prevent this artefact (Zucker et al, 1999) . This might be an important finding as there are previous publications describing the use of MMPs in both plasma and serum as prognostic or diagnostic predictive biomarkers in systemic blood samples. Still, many of the manuscripts will be published on measurements of MMPs in serum samples when trying to detect tumour diseases. Thus, some of these studies might be repeated using plasma specimen collection instead of serum. We suggest that plasma would be the sample of choice for further studies of MMPs.
